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In this dissertation, novel models for integrating renewable energy sources (RESs) and battery energy 
storage systems (BESSs) in microgrids (MGs) and distribution power systems are presented, where the 
intelligent energy dispatch is coherently considered through these models. Three main design cases are 
discussed in this work. 
 The first design case is planning RESs and BESS in residential MGs using an integrated model that 
accounts for the different aspects and characteristics of energy consumption in modern power systems. More 
importantly, the load flexibility gained by using smart grid demand response (DR) programs. The uncertainty 
in prediction of electric load and renewable energy resources are described by proper probability distribution 
functions, and introduced into the optimization using scenario generation techniques. Contemplating a case 
study for a residential microgrid in Okinawa, we study the effect of demand flexibility on the system sizing 
and estimate the potential economic benefit of such applications under different scenarios. The results show 
that the optimal components sizing is affected by demand flexibility and strongly affected by operational 
conditions, asserting the potential use of the introduced method in modern smart grid design.  
The second design case contemplates high integration levels of electric vehicles (EVs) focusing on the 
economics of vehicle-to-grid (V2G) applications, where the capacity fading of electric vehicle-embedded 
battery is the main concern that prevent owners from participating in vehicle-to-grid applications. Building 
on pre-established models and data to emulate battery capacity fading of EVs, a profitable V2G operation is 
thoroughly considered in the model. A stochastic modelling was used to incorporate the uncertain prediction 
of the electric load and the EV operating patterns in the problem. A case study is introduced to analyze the 
effect of EVs on RES sizing according to different scenarios. The results reveal that accounting for the 
economic operation of EVs leads to the integration of significantly higher capacities of RESs compared with 
a sizing model the excessively relies on V2G and does not recognize battery-fading economics. 
The third design case pays attention to distribution MGs that, unlike previous cases, extend through 
large geographical areas. Therefore, a novel and efficient energy management system (EMS) to accounts for 
power flow though the microgrid branches and their associated loss when simulating the intelligent off-line 
control is proposed. The EMS utilizes an iterative Newton–Raphson linear programming algorithm that 
iteratively schedules resources in order to minimize the objective function while compensating for the 
complicated nature of the problem. EMS was used to evaluate candidate solutions that are generated by a 
genetic algorithm to obtain an optimal combination of distributed renewable generation and energy storage 
systems. A case study for IEEE 34-bus distribution MG is used for testing the algorithm and analyzing the 
potential investments of independent owners and MGs. The proposed algorithm exhibited high computing 
efficiency, implying that it can be a powerful tool for long-term assessment and optimization of complex 
power systems in the future. 
 
